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The  Frozen  Food  Inc'.u s^.'. ry  requesteo  t/ie  Food  Distribution  Admlnistratior; 
v;ith  the  cooperation  of  the  Bureau  of  Plant  Industry  Soils  and  Agricultural 
Engineering,  to  nake  several  refrigeration  and  precooling  tests  on  its  commo- 
dities in  order  to  determine  the  most  effective  method  of  refrigeration  to  be 
used  at  different  seasons  of  the  year.     The  first  test  'Jjvas  rade  last  Karch. 
The  test  just  completed  is  the  second,  and  the  Frozen  Food  Industry  has  re- 
quested that  another  test  be  nade  in  ITovenber.     The  results  of  these  tests 
v.dll  give  a  fair  average  as  to  the  amount  of  ice  and  salt  required  to  ship 
frozen  fruits  and  vegetables  during  all  seasons  cf  the  year. 

The  test  repeated  on  herein  consisted  of  6  cars  of  frozen  fruits  and  vegetable 
4  cases  v;ere  loaded  at  Hillsboro,  Ore.,  and  2  cars  at  Kent,  Vfesh,     The  routing 
to  Jersey  City,  II,  J.  vfas  over  the  Spokane,  Portland,  and  Seattle  r:ailroad'to 
Spo>ane,  Vfash. ;  Great  ITorthern  Rpilroad  to  the  I'innesota  Transfer;  Chicago, 
Burlington  and  Quincy  Railroad  to  Chicago,-  and  the  Pennsylvania  Railroad  to 
Jersey  City,  l\  J. 


•CO 


o 


Refrigerator  cars  of  the  Fruit  Grovrers  Express  ep.d  the  /.'estern  Fruit  Express 
vrere  used  in  the  test.     The  4  '.Yestem  Fruit  Express  cars  v/ere  constructed 
v.dth  bLmkers  in  the  ends  cf  the  cars  and  the  2  Fruit  Grov-rers  Express  cars 
had  overhead  bunkers.     ^''^unlcers  of  the  refrigerator  cars  are  compartments 
either  at  the  ends  of  the  car  or  built  in  the  ceiling,  which  accommodate  from 
9,000  to  12,000  pounds  of  ice,  v.ath  openings  at  the  top  and  bottom  to  allow 
the  circulation  of  air  over  the  ice  to  refrigerate  the  lading.     All  cars 
used  iri  the  test  were  of  the  super  giant  series  of  wliich  detailed  specif ica- 
tio?iE  are  shc-.m  in  the  following  table  : 


CAT.  1103^ 

Loading  Space-Length 
Width 
Height 
Cu. ft. 


WE  423,  429,  432_ 
42"'  W 


446 


7'  - 

2,652 


4  1/8" 


FGE  607  309 
50 '  -  0^^^ 

8'  -  0" 

6'  -  8  1/2" 
2,908 


Flocr  F.ack  Height 


7/b" 


4  13/16" 


Side  '.Tall  Racks 
End  'noil  Racks 


1  1/2"  each  side    ITons  -  Inner  flues 
Bunker  bulkhead      3/4'  Vertical  strips 


Bulkhead  Openings-Top 

Bottom,  above) 
floor  racks) 


12  l  ,-^2" 
Closed,  except  ''.YR 
429  open  6  l/S" 
above  racks 


Insulation-Floor  6"  8" 

Side -End  wall  6"  6  l/2" 

Roof  6"  -  8" 

Bulkheads  1" 


Bunkers  -  T" 


Capacity 
Length 
•.Tidth 
Height 

Cu.  ft.  per  car 


2  C- 


Dividod  flxjo  basket 

10,800i,-  Coarse  ice 

2'  -  7  1/2" 

5'  -  11  3/4"  per  end 

6»  -  9" 

262 


Overhead  tar^s  (lO) 
9,000;,'-  crushed  ice 

9'"-  0" 

3'  -  3" 


232 


9  1/2"  avg? 


-  2  - 

Vrhere  scales  v-ere  available  for  v/ei[:hin{_^  the  ice  furnished  for  initial  icing 
and  reicinf,  actual  vreiphts  v/ere  obtained  and  used  in  this  computation.  In 
some  cases,  ^There  scales  v/ere  not  available,  it  was  necessaxy  to  estimate 
the  amount  of  ice  placed  in  th-:  bunkr.rs,  and  these  estimates  wore  calculated 
bv  the  nunb'-r  of  incites  that  the  ice  ted  melted  from  the  top  of  the  bunlrer. 

Coarse  ice  vfas  used  for  the  pun^ose  of  precooling  and  refrigeration  in  transit 
for  the  end  ■vanker  oars,  and  crushed  ico  v/as  used  for  the  same  purpose  in  the 
overhead  burJ-rer  cars.     Definitions  of  coarse  and  crush f:d  ice,  as  published  in 
Item  :-!o.   1152  of  the  National  Perishable  Protective  Tariff  No.   12  -  ICC  No.  19 
are  as  follor:s: 

CP.l'SnHD  ICE    is  ice  broken  into  pieces  averaf'inp;  the  size  of  a  man's  fist. 


COARSE  ICF,      is  ice  broken  into  pieces  averaping  10  to  20  pounds* 


All  the  cars  vrere  shipped  under  standard  refrigeration  with  various  percent- 
ages of  sc-.lt.-    Standard  refrigeration  is  c.  protective  ser^/ice  against  heat, 
furnished  Ir^  the  railroads,  by  tlie  use  of  ice  in  the  bunl<:ers  of  refrigerator 
cars.    Under  this  service,  the  bunkers  are  filled  to  capacity  with  ice  at  all 
the  regular  icing  slations  on  the  route  traveled.     These  icing  stations  are 
generally  located  along  the  right-of-way  at  approximately  24  hours  of  running 
tine  a"^art.     On  frozen  corimodities  for  which  salt  is  used  to  increase  the 
refrigeration,  the  salt  is  also  furnished  at  each  icing  station. 

The  chi?.rges  for  standard  ref  ri  gcrati.  on  service  are  sho-v-iTi  in  Section  2  of  the 
National  Perishable  Protection  Tariff. 

In  order  to  determine  th:.  toiipcratures  of  the  frozen  c oraiiioditics  and  the  air 
at  various  locations  inside  of  the  cars,  12  electric  resistant  thermometers 
were  placed  in  each  cc.r.     The  thermometer  bulbs  were  placed  be-U'/een  the  small 
p8.ckages  inside  the  fiber  bod;/  cartons,  the  cartons  were  then  closed  and 
placed  in  the  desired  location  of  the  load.     Each  thermometer  cable  was  then 
connected  to  a  m.aster  cable  vfhich  extended  out  through  the  top  of  the  closed 
door  to  tlie  roof  of  the  car,  where  reading  instruments  were  corjiected  and 
temperature  readings  -WT-rc  recorded  in  transit.     The  loc^'.tions  cf  the  12 
therm.omrtor  cables  were  the  seorae  in  all  'o  cars,  located  as  follows: 


"■ulb 

No. 

1  - 

Commodity 

Bottom  layer  container  side  v-rall  at  the  bulkhead. 

Pulb 

No. 

2  _ 

Air 

Bottom  at  floor  rack  side  wall  at  t;ie  bull:  ho  ad. 

Bulb 

No. 

o  — 

Air 

Bottom  at  floor  rack  center  of  ].oad  at  bulkhead. 

Bulb 

No. 

4  - 

Air 

Top,  a"  ov(.  lof.d,   side  v/all  at  bullchead. 

^.ulb 

No. 

Commodity 

Top,  la-'cr  container  side  vrall  at  the  bulkhead. 

^ulb 

6  - 

Commodity 

Bottom,  layer  container  quarter  length  of  side  v/all. 

^ulb 

No. 

7  - 

Co-iTiodity 

Top  layer  container  quarter  length  at  the  side  T/all 

^ulb 

:*o. 

0  - 

Air 

Top  above  load  quarter  length  center  of  load. 

Bull' 

No. 

9  - 

Air 

Top  cbove  load  at  dconvay  side  wall. 

Bulb 

No. 

10- 

Commodity 

Top  layer  container  at  doonTay  side  wall. 

Bulb 

No. 

11- 

Cor.u-.odi  ty 

Bottom,  layer  container  at  doorY/ay  side  wall. 

rulb 

"0. 

12- 

Air 

Bottom,  at  floor  rack  door\J"ay  side. 

T'llTIIOD  OF  P.3FRI  ^ZRIJIl  OF  ;.1TD  PR:'C00  miG 

FGE  607  -  Frococlcd  21.1  hours  prior  to  leading*     Shipped  standard  rofrigcra 

tion  plus  20  percent  sr.lt. 
FGS  609  -  Frccoolcd  19.5  hours  prior  to  loading-.     Shipped  standard  rcfrigcra 

tion  plus  30  percent  salt. 

'.TFF,  429  -  Frccoolcd  46  hours  prior  to  loading.     Shipped  standard  refrigera- 
tion plus  ZO  percent  salt. 

WFE  432  -  Precoolcd  14  hours  prior  to  Icadinr,     Shipped  standard  refrigera- 
tion plur.  30  pcrce-nt  salt. 

IVFE  423  -  Pr;cooled  20.8  hours  prior  to  loadinp;.     Shipped  standard  refrlgcra 

tion  plus  20  percent  salt.     The  billing  was  changed  enrcutc  to 
30  percent  salt. 

'"F^  44^  -  Frocool-d  24.3  hours  prior  to  leading.     Shipped  stondrTd  refrigera 

tion  plus  30  percent  salt. 

Precooling  prior  to  loading  at  shipping  point  vras  accoinplishcd  by  using  ice 
and  salt  to  extract  the  heat  from  the  body  of  the  car  at  various  periods  of 


tine  as  indica 

ted  in  the  folio-. 

ring  table. 

3  OF  Clli  PESO  00 1 

FGE  VGZ 

VfFE  -.fFE 

VfFE 

^[FE 

CAP. 

609  G07 

432  446 

429 

423 

Salt  (Percent) 

30  20 

30  30 

30 

20 

Ilrs,  * 

Cooled 

19.5  21.1 

14.0  24.3 

46 . 4 

20.8 

Date  Tine 

July,  1343 

•■  X.  Avg.  i'-a::.^xVg. 

?'a7:.Avg.  I'a7:..'^Y 

g.  I'laz.Avg. 

■ 'ax.A 

11-3 :05P    0  G 

2.0  60.4 

11-10 :50A  0 

55.  9  55.  f= 

12-6 :30P  0 

67.  8  66.5 

13-1:!50P  0 

67.2  66 

.2 

11-11 :50A  0 

61.2  60.3 

13-11 :20A  0  69,4  68.2 

13-  n:30A  14  28,7  24.1 

12-2 :00A  14  '  26.0  22.5 

12-10:40Aia'5  16.3  15.5 

14-  C:10A  20.0  24.2  19.1 
12-8 :00A  21. e                 19.4  17,9 

14-2  :10r  24.  3  20,5  15,6 

12;ll:45;i  24.0  20.0  17.0 

12-7:00  P  31.1  p.eiccd 
12-10:00P  34.1  21.0  17.4 

13  - 1 0 : 15A  4/^. .  4  18.615. 4 

Reduction  44.9  37.6        42.4        50.6  44.9  49.1 

Outside  Temp, 

During  Cooling  48°-eG°  48^-68°  52°-760  55°-860    48°-720  55°-06° 
rOTE*    Conposcd  car  cooling  period  fron  tine  icing  was  complotod.  Initip.l 
tcnpc natures  shovm  rrjcorded  pilor  to  initial  icinn. 


The  above  records  sho-A^  that  longer  periods  than  24  hours  for  precooling;  do  nof 
seer^  necessary  as  the  cars  vriiich  were  prenooled  24  hours  or,  in  sor'e  instances, 
less,  carried  just  as  pood  transit  tep.peraturos  as  the  oars  which  vrere  precooled 
lon,p;cr  than  that  period  of  tine. 

In  raai-cinp  the  follcwin?^  comparisons  of  air  temperatures  before  loading  and  after 
loading,  usinr  the  same  four  positions  in  each  car,  the  top  and  bottom  tempera- 
tures at  the  end  of  the  car  and  the  top  and  the  top  and  bottom  tempe ro.tures  at 
the  door/m;'-  should  be  the  highest  and  lorest  points  in  the  car. 

In  so'-^e  cr.ses jhcvrever,  there  vras  quite  a  loss  of  the  effects  of  the  precoolinr 
durinp-  the  Icadinr  periods.     The  lollov.dnr^  explanations  shovr  cuch  variations  for 
each  car: 

FGS  609  -  had  an  average  air  tempcratur-  of  15. F.   at  10:45  AT'  on  July  12, 
prior  to  opening  the  doors  for  loading.    At  2:30  Pr  tliat  afternoon, 
the  air  temperature  after  loading  had  been  completed  ranred  from^ 
21.7^'^  F.  to  14.4'^  F.   averaging  18.1°  F,   shovdng  a  loss  of  3.4°  F. 

FGS  607  -  had  an  average  air  temperature  of  22,4°  F.   at  8:30  A!,   on  July  12, 

prior  to  opening  the  doors  for  loading.    At  10:45  AI"i  the  sarie  morn- 
ing, the  air  temperature  after  loading  had  been  completed  ranged 
from  38.7°  F.  to  15. 2^  p.  averaging  29.3°  F.  showing  a  loss  of  6.9°  F. 

WFE  432  -  had  an  average  &ir  temperature  of  23.7°  F.  at  G:30  Al'  July  13,  prior 
to  opening  the  doers  for  loading.    At  10:20  All  the  same  m.orning,  the 
air  temperature  after  loading  had  been  completed  ranged  from.  23.6°  F. 
to  13.9°  F.  avcraginr  29.7°  F.   sho^/.dng  c>  loss  of  5.7"  F. 

'TFS  446  -  had  '.n  r.ver-.ge  air  temperature  of  11.0°  F.  at  2:10        on  July  14, 

prior  to  opening  the  doors  for  loading.     At  5:05  PF  the  S'.m.e  '.ftcr- 

noon,  the  r.ir  tem.p' rr.turo  ;  fter  loading  I'l  d  been  com.pleted  ranged 

from  42.6°  F.  to  OP. 5°  F.  averaging  26.3°  F.   she^^ing  a  loss  of  15.5°  F. 

WFS  429  -  h-,d  an  average  air  tcmpcrattire  of  15.2°  F.  at  10:15  A?!  on  July  13, 
prior  to  opening  the  doors  for  lor. ding.     At  1:30  P?'  the  sr.mie  after- 
noon :\ftcr  Icding  had  been  com.pleted,  the  :.ir  temperature  ranged 
from  40.4°  F.  to  11.6°  F.  .'.ve raging  26.  Ol'^  F.   shov/ing- a  loss  ef  10.9°  F. 

X{FZ  423  --  had  an  average  air  tem.perature  ef  18.5°  F.  at  8:10  Al'f  on  July  14, 

prior  to  opening  the  doers  for  loading.    At  11:45  AI'''.  the  same  morning 
after  Icding  had  been  com.pleted;  the  air  temperature  ranged  from 
44.2°  F.  to  16. 30  F.  averaging  29,7°  F.   shor/ing  a  loss  of"  11.2°  F. 

A  great  amount  cf  this  lost  refrigeration  could  be  saved  in  the  cars  if  a  porta- 
ble tunnel  v;ere  used.     Such  r.  tunnel  designed  to  fit  tightly  from  t'le  opening  in 
cold  storage  v^'arehouse  into  tho  car,  v/ith  a  curtain  made  of  kapoc  cr  dry  zero 
hung  over  the  doon'ray  and  extended  dovm  to  the  floor  rac'-s  with  v/eights  to  hold 
it  securely  to  the  floor  and  agr.inst  the  vt.IIs,  rrill  seal  the  doomay  and  prevent 
outside  heat  from,  entering.     The  curtain  s'lou.l^'  hr  ve  an  opening  in  the  middle  for 
the  tunnel  to  enter  into  the  car.     For  convenience,  the  tur-ncl  could  be  con- 
structed on  wheels  or  T'-rge  casters  in  order  to  facilitate  the  moving  from  one 
location  to  another  on  the  lor.ding  platform. 


The  following  tr.blc  indicates  the  air  temperatures  inr-intr.incd  in  trcnsit  at 
the  dcsf^irt'.tc d  positions  of  the  test  cars  fro.ri  the  point  of  origin  to  desti- 
nation. 

(see  attached  tables  of  air  temp.-ratures ) 

^'JFE  423  ".vas  orifinal  ly  billed  "standard  refrigeration  plus  20  percent  salt." 
Ho'wcverj,  as  the  te-^perature  records  sho-.r,  the  product  ^^as  not  frozen  to  a  lovr 
enough  degree.    After  n:king  a  careful  study  of  the  air  r.nd  coiriraodity  tempera- 
tures, the  refrigeration  instructions  v/erc  changed  at  'Jilliston,  IT.  Dak.,  tc 
include  30  percent  salt. 

The  cost  of  transporting  frozen  fruits  and  vegetables  from  Oregon  and 
Vfashington  tc  Jersey  Cit;-.'',        J.,  on  each  of  the  test  cars,  v;as  as  follo-/rs: 

CAP.  rO.  EIILIMG  WrT>  FRT>  RATS        TOTAL  CHGS. 

FG3  GOV  -    65  cs.  48/l4  Rhubarb    ©  "  40^-,--  ca  '  3184 
372  cs.  48'/l6  Strav:.  ^sjf  ca  20460 

258  cs.  48/12  Asparagus      42^'^  ea  10536 
1096  cs.  48/14  Spirxich         49;;'  ea    53  704 

Total  Gross"'v'eight  8818"5-:^  ©       $  1.16         0  1,022.95 

Strjidard  Refrigeration  plus  ZQf;^  Salt  112.00 

yi',T34795'" 

FGS  60D  -  345  cs.   72/12  Feas  ©    65f;'  ea  22295 

1218  cs.  4C/l6  Strav^,  5&-  -  ea  66990 

Total  Gross  Vfcight  '         "T923Ty  ©       %  1.16  0  1,035.71 

Standard  Refrigeration  plus  30^^  Salt  '120.00 


1,155.71 


7/FC  429  -  1681  cs.  48/l4  Spinach    ©49-;'  ea    82365^;-©       ^  1.16         0  955.48 
Standard  Refrigeration  plus  30f^  Salt  120.00 


1,075.48 


432  -  1681  cs.  48/16  Strzci,      ©  55-#  ca    92455^,-:  G       $  1.16         0  1,072.48 
Standard  Refrigeration  plus  30^  Salt  120.00 


^  1,192.48 


■v'fFE  423  -    500  cs.  6/5  Peas  ©  337;-  ea  16500 

1077  cs.  48/12  Peas  42^;-  ea  45£34 

Total  Gross  -.Tcight  61734,,'  ©       |  1.16  ^.  716.11 

Standard  Refrigeration  plus  SO*^  Salt  120.00 


?  836.11 

V[FE  446  -    200  cs.  48/l2  Rasp,  41v  ca  '-200 

100  cs.  48/16  Sliced  Stra-:." 

55^/  ca  5500 
150  cs.   48/15  ••.^olc.  Strav;. 

5&i;'^  ca  8250 
600  cs.  48/12  Peas  42--,-  ca  25200 

553  cs.  s/5  Peas  53-;, ■  ea  J^8249_ 

Total  Gross  '^fcight  "Ez'Z^W--  0.       $  1.  16  758.63 

Standard  Refrigeration  plus  oO-'^-.  Salt  120.00 


(The  above  docs  not  include  S;""  Go\'-ernment  Tax) 


873.63 


6, 


The  cost  of  ice  r.nd  salt  for  procooling  and  tr^.nsit  icing  on  basis  of  Section 
charges  of  the  F-tional  Perishable  Protective  Tariff  including , accessorial 
charges  arc  shov-Ti  on  the  att\ched  stateiTcnts, 


